Murine monoclonal antibodies (Mabs) were raised against two outer-membrane-associated polypeptides of Treponemapallidum (47 and 44 kDa). Three Mabs against each polypeptide were investigated further and only those directed against the 44 kDa polypeptide were demonstrated to have immobilizing activity. The specificity of the Mabs for T. pallidum was determined by Western blotting procedures and the surface association of the antigens was inferred by immunogold electron microscopy. The clear distinction between these two polypeptides in their biological activity could help to explain the pathobiology of syphilis infections as the 47 kDa antigen has been shown to be associated with the outer membrane of this organism. Inactivity of such a surface-located protein in anti body-mediated anti-treponemal mechanisms could account for the observed ability of this organism to survive in the face of strong antibody responses in infection.
INTRODUCTION
Factors influencing propagation of the causative agent of syphilis (Treponema pallidum) in vitro have yet to be fully elucidated. In spite of the attempts made and the limited successes recorded (Fieldsteel et al., 1981 (Fieldsteel et al., , 1982 Norris, 1982) a simple reliable cultivation protocol has not been developed. In view of the limited numbers of treponemes available for analysis from infected animals, alternative approaches for the study of treponemal pathogenicity, immunodiagnosis and immunprophylaxis have to be pursued. These include the production of monoclonal antibodies (Mabs) and genetically cloned antigens. These techniques rely on the positive identification of constituent treponemal polypeptides and/or antigens, but without large quantities of bacteria little structural or functional information can be ascribed to any polypeptide isolated.
A number of immunodominant antigens have been identified in T. pallidum by analysis of the humoral response in infected animals or humans (Baseman & Hayes, 1980; Alderete & Baseman, 1981 ; Pedersen et al., 1981 ; Hanff et al., 1982; Lukehart et al., 1982 Lukehart et al., , 1986 Penn & Rhodes, 1982; Hanff et af., 1983a, b ; Moskophidis & Muller, 1984; Baker-Zander et al., 1985) . Through the labelling of T. pallidum with zsI, the surface location of a number of polypeptides has been inferred (Alderete & Baseman, 1980; Norris & Sell, 1984) . However, few chemical or immunochemical data are available to identify the cellular location of such antigens or show whether any elicit neutralizing antibody. The interpretation of such findings must be cautious, especially because of the possibility that organisms may become damaged during preparation, as Penn et a f . (1985) were unable to label any T. pallidurn polypeptides by the iodination of freshly extracted unwashed treponemes, suggesting the absence of exposed proteins at the surface of the intact organism.
A number of groups have reported the generation of Mabs against an immunodominant polypeptide with a molecular mass of approximately 47 kDa (Robertson et af., 1982; Van Embden et af., 1983; Thornburg & Baseman, 1983; Thornburg et af., 1985; Lukehart et af., 1985) , which could possibly be the Triton X-1 00-extractable membrane-associated polypeptide described previously by us (Penn et af., 1985) . In support of this, Marchitto et af. (1984) showed that two Mabs with specificity for a 47 kDa polypeptide (1 1 E3 and 13C6) could be demonstrated at the surface of organisms by immunogold staining, and that by immunoblotting a similar protein could be identified in T. pertenue and the T. pallidurn subspecies endemicum (Bosnia A). In an extension of this work Jones et af. (1984) clearly demonstrated that one of these Mabs, 11E3, had biological activity and was able to immobilize T. paffidum in uitro, to neutralize T. pallidurn in the in uitro-in uioo test of Bishop & Miller (1976) , and also to react with the polypeptide in native or partially denatured states, as determined by radioimmunoprecipitation (RIP) and immunoblotting respectively. They did not however comment on the biological activity of their other Mab, 13C6. We consider that this is important as the distribution of polypeptides around 47 kDa is highly complex and by one-dimensional (1 D) electrophoresis on non-gradient SDS-PAGE is poorly resolved, leading to some confusion of the true binding specificity of antibody when either immunoblotting or RIP techniques are used. Further to this, immunoblot profiles of sera from infected rabbits reveal that an early antibody response to the 47 kDa antigen is elicited despite the lack of clearance of the organism from lesions.
In this paper we describe the generation of a bank of Mabs to two immunodominant surfaceassociated polypeptides of 44 and 47 kDa, and demonstrate their differential ability to immobilize T. pallidurn in uitro, and react specifically with pathogenic treponemes. These results support the view that the 44 kDa antigen has immunomodulating activity and that the 47 kDa antigen does not elicit immobilizing antibody. (Nichols) isolate (Penn, 1981) was routinely propagated in the testes of Dutch or Californian rabbits (Hyline, Warrington, UK), and harvested as previously described (Penn & Rhodes, 1982; Penn, 1983) . After extraction of T. pallidurn from the testes the suspension was centrifuged at 500g to deposit gross host cell debris and the supernatant was retained. Before use as a source of antigen, T. pallidurn cells were killed by incubation at 4 "C for > 18 h in the presence of 0.1 % (w/v) NaN,; they were used within 72 h. T. phagedenis (biotype Reiterii) was obtained from the Venereal Disease Reference Laboratory, London Hospital, and grown in Spirolate broth (Becton Dickinson) supplemented with 10% (v/v) newborn calf serum (Flow) at 37 "C for 48-72 h (Penn & Rhodes, 1982) . T. hyodysenteriae, the causative agent of swine dysentery, was donated as a frozen pellet of whole cells (strain P18A) by Dr Ruth Lemcke, Institute for Research on Animal Diseases, Compton, Newbury, Berks., UK.
METHODS

Bacterialstrains and antigens. T. pallidurn
All treponemal strains were pelleted at 1 1600 g and washed three times in phosphate-buffered saline pH 7.2 (PBS: 7.2 mwNa2HP04, 2.8 mrd-NaH2P04, 0.15 M-NaCl) prior to use.
Outer membrane preparation. The Triton-soluble membrane fraction was prepared according to the method of Penn et al. (1985) .
Ultrasonic disruption of T. pallidurn. PBS-washed cells were resuspended in PBS to a final concentration of 5 x lo9 ml-l and subjected to ultrasound from a 3 mm probe (Rapidis 180, Ultrasonics, Shipley, Yorks., UK) for a total of 3 min (12 x 15 s bursts, 50 kHz) at 0 "C.
Uninfected rabbit tissue. Testicular material was extracted from healthy rabbits according to the protocol followed for T. pallidurn isolation, except that the material sedimented by centrifugation at 500 g was collected, resuspended in PBS to an equivalent concentration of one extracted testis ml-l, ultrasonically disintegrated and stored at -20 "C.
Antisera. Hyperimmune rabbit syphilitic sera (hRSS) were prepared in four rabbits (sera were pooled) which had been infected intratesticularly with T. pallidurn 2-3 months previously. These animals were immunized on three occasions thereafter at monthly intervals by the subcutaneous injection of a total of 1 x lo9 azide-killed treponemes in Freund's incomplete adjuvant at four sites and boosted, 10 d before collection of serum, by the intravenous injection of 1 x lo9 sonicated organisms. Rabbit syphilitic sera (RSS) were taken from the marginal ear vein of rabbits infected intratesticularly with 5 x lo7 organisms per testis and bled at regular intervals T. pallidum outer-membrane Mabs 1795 thereafter. Convalescent rabbit syphilitic sera (cRSS) were collected from rabbits 6 months p.i. The sera collected were pooled and stored in small volumes at -20 "C. All sera used in this study were thawed only once.
Immunization of mice. Female Balb/c mice ( 6 1 0 weeks old) were immunized with two different antigen preparations. To enhance the generation of antibody to surface components, individual mice were injected initially (day 0) with either live treponemes or azide-killed whole bacteria in Freund's complete adjuvant. A total of 1 x lo8 cells in Freund's incomplete adjuvant were injected intraperitoneally 14,28 and 56 d later followed by the intravenous and intraperitoneal injection of the same dose of ultrasonically disrupted cells on day 63, 4 d before fusion. Anti-T. pallidum sera (MvTp) were collected from spleen donors by cardiac puncture and used as control in the screening assays. Before boosting for fusions, serum samples were taken by tail snipping (Healing, 1978) and tested for the presence of desired antibody by Western blotting.
Hybridomas. The myeloma cell line NS-I (Balb/c-MOPC 21 NS1/1) (Kholer & Milstein, 1975) was originally obtained from Flow Laboratories. Cells were maintained in RPMI 1640 (Gibco) supplemented with 10% (v/v) FCS (BRL) and 100 U penicillin/streptomycin mF1, and grown at 37 "C in 6% (v/v) COz. Fusions were performed at a 1 : 4 ratio of myeloma cells to splenocytes in the presence of 50% (w/v) polyethylene glycol 1450 using standard procedures. Donor splenocytes were derived from mice immunized as described above.
Detection of antibody-producing hybridomas. Fourteen days after fusion the culture supernatants were screened for the presence of T. pallidurn-specific antibody by ELISA. Sonicated T. pallidum cells were diluted in carbonate/bicarbonate buffer pH 9.6 (Voller et al., 1979) to 2 x lo7 ml-l, and 100 pI added to each well of a Nunc type 1 EIA 96-well plate (Gibco). Antigen was allowed to adsorb to the solid phase overnight at 4"C, or alternatively the antigen was dried onto the plate by incubation at 45 "C for 6 h. After incubation with culture supernatant, antibody-reactive wells were identified with rabbit anti-mouse peroxidase conjugate using ophenylenediamine as substrate. Identified hybidomas were then fed with 100 pl HT medium and further tested by ELISA for non-reactivity with uninfected rabbit testicular material and by strip immunoblotting. Hybridomas secreting the desired antibody were cloned out twice by limiting dilution. All data presented here were generated from tissue-culture-derived antibody. For in vitro immobilization assays antibody was concentrated by ammonium sulphate precipitation from cultures grown in the absence of antibiotics. Immunoglobulin class specificity was determined by double immunodiffusion, in 1 % (w/v) agarose in barbitone buffer pH 8.2, using anti-mouse subclass antisera supplied by Dr D. Catty, Department of Immunology, University of Birmingham, UK.
SDS-PAGE and immunoblotting. 1 D electrophoretic separation of antigens was achieved in 8-20% (w/v) continuous gradient acrylamide gels, using the buffer systems of Laemmli (1971) . PBS-washed treponemal cells in dissociating buffer (2 x lo7 per 20 pl) were boiled for 5 min and run until the dye front was within 1 cm of the end of the gel. After electrophoresis, gels were either stained with PAGE Blue 83 (BDH) or transferred to nitrocellulose membranes (BA85, 0.45 pm, Schleicher & Schuell) (NCM) using the Bio-Rad Trans-Blot apparatus at 100 mA (15 V) for 16 h essentially as described by Towbin et al. (1979) . Immunological detection of treponemal antigens was accomplished after blocking non-specific binding to the NCM with 3% (w/v) BSA, 0.1 % (v/v) Tween 20 in PBS for 30 min at room temperature; culture supernatants or sera were diluted in PAT (0.1 % BSA, 0.1 %Tween 20 in PBS) as described in the legends and reacted with shaking for 2 h. After five washes in PBS, horseradish peroxidase anti-species conjugates were added, diluted in PAT to 1/1500 and reacted as above. Specific antibody binding was detected with 4-chloro-l-naphthol[2% (w/v) in methanol, 1.5 ml in 50 ml 50 mM-Tris/HCl pH 7.2, 25 pl 30% HZOz]. In all cases 1 ml solution was added per 3 cmz of membrane.
Two-dimensional (2D) gel electrophoresis. Sample preparation and isoelectrofocusing were performed by a modification of the methods of O'Farrell(l975) and Norris & Sell (1 984). A total of 1.2 x lo9 T. pallidum cells were washed three times in PBS and resuspended in 125 pl C2 buffer [8% (v/v) Nonidet P-40,9.2 M-urea, 5 % (w/v) 2mercaptoethanol] and sonicated for 2 min at room temperature (Ultrasound waterbath). The sonicate was held on ice and any particulate matter removed by centrifugation at 1 1 600 g for 3 min at 4 "C. The supernatant solution (28 pl) was loaded onto each 15 cm x 1.5 mm isoelectrofocusing tube incorporating an ampholine pH gradient of 7-4, established by prefocusing at 200 V for 1 h before sample application. The first dimension was run for 21.5 h at 700 V, and the focused gel placed on top of an 8-18% SDS-PAGE gradient slab-gel. The second dimension was run at 300 V, 4 "C for 7.5 h; included at the top edges of each second-dimension gel was a small plug of agarose containing boiled T. pallidum in Laemmli sample buffer. This produced a 1D display allowing the identification of the polypeptide spots in the 2D system. After the SDS-PAGE phase, gels were either fixed and stained with PAGE Blue 83 or silver (Oakley et al., 1980) , or the separated polypeptides were transferred to NCM and reacted with Mab or sera as described above.
Immobilization studies. Immobilizing activity of sera and Mabs was tested by a modification of the T. pallidum immobilization (TPI) test described by Nelson & Mayer (1949) . Freshly harvested treponemes were centrifuged at 500g to remove host cell debris and bacterial counts in these extracts were determined by phase-contrast light microscopy. The bacterial count was adjusted to 1 x lo8 ml-1 with extraction medium. Volumes (100 pl) of the T. pallidum suspension were mixed with 20 pl freshly collected normal rabbit sera (NRS) (source of complement) and either 10 pl Mab concentrate or 10 pl RSS taken at known times p.i. The monoclonal antibody supernatants (10-
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15 pg ml-*) were concentrated @fold by ammonium sulphate precipitation or protein-A column chromatography and adjusted to the same equivalent concentration before use; RSS were heat treated (56"C, 30 min) before inclusion in the TPI test. Controls included NRS, heat-treated NRS, hRSS, cRSS and NS-1 supernatant. Incubation was conducted in an atmosphere of N,/CO2/O2 (92 : 5 : 3, by vol.) for 16 hat 35 "C in Eppendorf 1.5 ml polypropylene tubes in an anaerobic jar. The percentage of organisms remaining motile after incubation was determined by phase-contrast microscopy. Data represent reactivity (+) or non-reactivity (-) from at least six separate experiments.
Zmmunogold labelling. Viable or azide-killed treponemes were washed twice in PBS and resuspended in PBS to 1 x 108 ml-' . They were transferred to Formvar-coated copper grids, non-specific binding was blocked by 3 % (w/v) BSA in PBS and the treponemes were then reacted with antibody either directly or after fixation in 20% (v/v) methanol for 2 min and washing in PBS. After washing away unbound antibody with PBS, grids were incubated with anti-species gold conjugate and negatively stained in 3% (w/v) potassium phosphotungstate pH 7.2 in H 2 0 for 30 s before viewing in a Philips 201 electron microscope as described previously (Cockayne et al., 1987) . Treponemes recovered after incubation in the TPI test were also tested for their ability to bind the immunogold probe.
RESULTS
Selection of antibody secreting hybridornas Primary screening of supernatants by ELISA for the presence of anti-T. pallidurn antibody demonstrated that at least 15% of hybridoma wells contained reactive antibody. By Western blotting of 1D gradient SDS-PAGE gels, two specificities of Mab were isolated, those that reacted with a 47 kDa polypeptide and those that reacted with another polypeptide of 44 kDa (Fig. I) . Three Mabs against each antigen were selected for further investigation, and their antibody class was determined by immunodiffusion ( Table 1) . None of these Mabs cross-reacted by standard immunoblotting with either T. phagedenis or T. hyodysenteriae (data not presented).
0 characterization of treponernal antigens
By silver staining 2D polyacrylamide gels (Fig. 2 ) a large number of diverse polypeptides were located. However, it was necessary to increase the voltage and time of isoelectric focusing to a total of 15000 V h, from 7200 V h as described by Norris & Sell (1984) , in order to obtain clearly focused spots without streaking. This increased voltage input alters the apparent PI for the two polypeptides under investigation from PI 5.85, estimated after incomplete electrophoresis, to those values given below. At least eight polypeptides with similar molecular masses could be seen by silver staining in the immunodominant 47 kDa region (Fig. 2a) . The possibility that this diversity was attributable to degradation of one or two polypeptides, or an artefact of sample preparation, was examined by sequentially reacting a single 2D blot with each of the different Mabs generated in this study. Those Mabs recognizing the 44 kDa antigen only reacted with the polypeptide of 44 kDa in 1D gels, but if they were included for reaction with blots of 2D gels at elevated concentrations (1/10) then a number of faint cross reactions could be observed (see spots on Fig. 2c) ; as the peptides located by this method all have the same PI (4.85) and react only with anti-44 kDa Mabs it is assumed that these additional bands represent breakdown cleavage products of the 44 kDa antigen during sample preparation. The Mabs directed against the major Triton X-1 00-soluble outer-membrane polypeptide reacted with the 47 kDa antigen, PI 4.9, and its precursor form (Fig. 2c, arrow) . The specificity of the Mabs demonstrated here by 2D blotting clearly indicates that the faint to strong reactions seen with hRSS are due to a diverse range of polypeptides of differing antigenicity in this region which are not resolved by 1D systems, emphasizing that the identification of target antigens to which Mabs are raised solely by their molecular mass without isoelectric focusing data must be interpreted cautiously.
Hurnoral response to T. pallidurn antigens in the rabbit model
Serum was taken at regular intervals after intratesticular infection of rabbits and reacted with Western blots of 1D gels. Antibody to a small number of treponemal antigens was detected within 10 d p.i. (Fig. 3) . This antibody was predominantly of the IgM class at day 10 p.i. [as determined by a double antibody assay using goat anti-rabbit p-chain-specific immunoglobulin T. pullidum immobilization test: + , reactive, -, non-reactive. (Miles) on the immunoblots], and directed against two polypeptides of 47 and 37kDa (not shown). As the disease progressed a more diverse response was seen, predominantly of IgG. By days 14-17, when orchitis is on the decline and treponemes are being cleared from the lesion (Lukehart et al., 1986 ), a number of additional antigens were recognized, one of them the 44 kDa polypeptide. Antibody titres to T. pallidum antigens increased with time p i , as determined by indirect ELISA (Fig. 46 ). (Table 1) are expressed as reactive or non-reactive after incubation with the tested antibody. Complement-mediated killing was observed most strongly in hRSS and in cRSS. As the immune response progressed during experimental infection, TPI activity increased (Fig.  4a) . The Mabs demonstrated significant differences in their ability to immobilize T. pallidum in oitro, with the anti-44 kDa Mabs active and the anti-47 kDa Mabs non-reactive. In control samples containing NS-1 supernatant, preimmune sera or samples lacking complement, less than 5 % immobilization was observed, demonstrating that no immobilizing antibody was present or transferred during the isolation of the treponemes from infected testicles. . 3 ).
Immobilization studies Results
Immunogold electron microscopy
The surface location of the 44 and 47 kDa polypeptides was inferred by immunogold electron microscopy (Fig. 5) . No surface-labelling differences were observed between the Mabs investigated. The intensity of adsorption of the Mabs to the treponemes was considerably less than that recorded under identical conditions for hRSS. The reaction of either Mabs or hRSS with washed but otherwise untreated T. pallidurn, as described by Marchitto et al. (1984) , resulted in little or no discernible binding above control background levels. In fact strong reactions in suspension were only observed with hRSS-containing mixtures derived from the TPI test. Treponemes derived from the monoclonal antibody-TPI test were not labelled with the gold conjugates. Only the treatment of treponemes with methanol prior to reaction with the Mabs resulted in reproducible and moderately strong binding to the outer surface (Fig. 5) . The location of these two antigens is indicated by the close proximity of the electron-dense gold with the permeabilized outer membrane and the observation that Triton-treated unfixed organisms reacted less strongly with a n t i 4 kDa or anti-47 kDa Mabs in this system.
The specificity of the Mabs was confirmed by immunofluorescence : positive reactions were observed only on air-dried acetone-fixed T. pallidum cells: Mabs did not react with either T. phagedenis or T. hyodysenteriae. (Note that the Mabs cannot be detected when reacted with unfixed organisms even after incubation in the TPI assay.) Bars, 0.2 pm.
DISCUSSION
Other investigators have reported the generation of Mabs with apparently similar specificities to the anti-44 kDa and anti-47 kDa Mabs described here, as defined either by their reactivity on immunoblots or by radioimmunoprecipitation. It is unclear whether they are directed against the same antigens that we report here. The use of 2D isoelectrofocusing facilitates a more accurate determination of specificity than can be determined by 1D SDS-PAGE. We have observed that accurate assignment of specificity of the Mabs can only be achieved through the use of high-resolution gradient polyacrylamide gels, as on single-concentration SDS-PAGE (1 1 %), polypeptides migrating in the same region as the 45 kDa ovalbumin molecular mass marker are poorly separated, and that the use of RIP or immunological detection of precipitates 
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is unreliable in this area because of the close proximity of immunoglobulin heavy chain. In order to evaluate the functional capacity of Mabs we needed to know precisely to which antigens they were directed, and without the availability of pure sources of polypeptide we had therefore to select those antibodies that were reactive with native antigen (ELISA, fluorescent antibody) and reactive by Western blotting. The 47 kDa antigen has been widely reported as an important immunodominant polypeptide in both syphilitic rabbits and man (reviewed by Penn et al., 1986) . We have sought to establish which of a variety of polypeptides are involved in evoking a humoral response early in infection so that potential immunogens may be identified and markers for diagnosis elucidated. A rapid response to 47 kDa and 37 kDa antigens was recorded within 7-10 d p i . in rabbits (Fig. 3) . As the infection progressed, the range (Fig. 3) and titre (Fig. 4b ) of the antibody response increased. However, despite the presence of detectable antibody soon after infection no TPI activity was recorded until 14-17 d pi., coincident with an increase in titre. A similar response was recorded by Wong et al. (1983) with TPI activity apparent after 10 d p.i. This appearance of immobilizing activity is considered to be associated with the production of antibody to specific polypeptides and coincides with the decline in orchitis and the onset of the disappearance of dermal lesions. By 14-17 d p.i. a number of additional antigens can be detected by Western blotting, including antibody to the 44 kDa antigen. This antigen has recently been implicated in biological activity by Strugnell et al. (1986) , who blotted the sera of infected rabbits and compared the appearance of specific antibody with the onset of 'chancre immunity'. We demonstrate here that Mabs to the 44 kDa antigen have specific in uitro TPI activity in all cases. Evidence for the importance specifically of the 44 kDa antigen is provided by the lack of TPI activity associated with any of the three anti-47 kDa Mabs, which were derived from separate parent hybridomas and are of different sub-classes all capable of activating complement. Further, large numbers of treponemes were present in the testes despite a strong antibody response to the 47 kDa antigen at the time of peak orchitis.
The immunization protocol was intentionally selected to enhance the stimulation of antibody to surface-exposed antigens. In the three fusions performed, hybridomas secreting antibody to the 47 kDa antigen predominated, indicating its highly antigenic nature in mice. Additional reports in the literature describe the generation of Mabs against an immunodominant, prominent Coomassie blue-staining polypeptide of approximately 47 kDa which were presumably directed against the same 47 kDa antigen as described here. These Mabs showed differential cross-reactivity with T. pertenue and T. endemicum Marchitto et af., 1984; Thornburg & Baseman, 1983) . To date only Jones et al. (1984) and Marchitto et af. (1986) have described Mabs with TPI activity. One of the Mabs from this research group (1 1 E3) reacts with an antigen of 47 kDa. Comparison of the reactivity between 1 lE3 (supplied by M. V. Norgard) and our anti-47 kDa Mabs on T. pallidum profiles revealed different patterns by immunoblotting : 1 1 E3 reacted strongly with the 47 kDa polypeptide and cross-reacted weakly with the 44 kDa polypeptide when diluted 1/5 or 1/50, but such cross-reactions were not observed with AD5, AH9 or AD12. These findings suggest that a variety of epitopes may be present on this surface-associated polypeptide. Further evidence for the diversity of antibodybinding sites on this molecule was provided by Lukehart et al. (1989, who reported anti-47 kDa Mabs reactive with an equivalent antigen in T. phagedenis, whereas all three Mabs described in , this report are specific for T. pallidum. However, we have observed that 2D7 (anti-44 kDa) will react very weakly by immunoblotting with two minor antigens of T. phagedenis, of 43 and 45 kDa, if rewtions are conducted in the absence of Tween 20. The reasons for this result are unclear but it may suggest a steric interaction brought about by unusual renaturation of the polypeptides following electrotransfer to NCM.
It is of relevance that none of the polypeptides, apart from the 44 kDa antigen, which stimulate biologically active antisera are detectable in sera taken from rabbits within the first 14 d of infection, suggesting a central role in treponemal clearance of antibody reactive with the 44 kDa antigen and the ability of T. pallidum to effectively mask or avoid normal host surveillance before the appearance of this antibody.
Attempts to localize the 44 kDa antigen on the surface of intact (native) T. pallidum were unsuccessful despite the observed biological activities, phenomena usually attributable to reactions with bacterial surface components. This suggests that relatively small quantities of the antigen are available for reaction with antibody despite its relative abundance in the bacterium and may account for the prolonged incubation times required in the TPI assay in which some modification of the outer membrane might be required before antibody binds. The inability of the anti-47 kDa Mabs to react in the TPI assay is in agreement with the observations in vivo where large numbers of treponemes remain viable in the testis despite the antibody response to this antigen. The detection of antibody to the 47 kDa antigen on the surface of treponemes immobilized by hyperimmune syphilitic serum (A. Cockayne, unpublished observations) indicates either that this antibody is able to bind to the surface without stimulating immobilization or that 'lethal' binding of antibodies of certain specificities in immune sera may modify the membrane and allow access of antibody of other specificities including anti-47 kDa. Such modification of the membrane might occur early in infection in oivo, leading to opsonization and clearance of the organism allowing an early humoral response to those highly antigenic polypeptides exposed in the damaged organisms. The inability of some intact organisms to bind antibody would partially explain their persistence in infected tissue. This hypothesis is supported by observations made in the in vitro opsonization assay where Mabs to both the 44 kDa and 47 kDa antigens performed equally well (A. Cockayne, unpublished observations) . Also, Mabs to the T. pallidum 37 kDa axial filament polypeptide have opsonizing activity in this assay (unpublished observations). As the axial filament structure is located beneath the outer membrane any reactivity with this structure must indicate that the outer membrane is in some way damaged, and the promotion of phagocytosis in vitro may be due to the opsonization of a small proportion of damaged organisms present in any population but overlooked in the less sensitive TPI assay. Through the generation of monoclonal antibodies to two surface-associated polypeptides we have been able to demonstrate in parallel with data obtained from experimentally infected rabbits that antibody to a 44 kDa polypeptide specifically is involved in the possible modulation of syphilis infection. Although such data cannot clarify the retention or persistence of the organism in lesions during infection they do demonstrate that initially the humoral arm of the immune response to relevant antigens is delayed and by 14-17 d p.i. opsonizing and immobilizing antibody can be detected, coincident with the clearance of the majority of T. pallidum from the primary site of invasion.
We wish to thank Dr A. Kaminski, of the plant molecular biology laboratory in this department, for her assistance and guidance with the 2D electrophoresis, A. Wright for her excellent technical help, and Dr M. E. Hoadley for assistance in the preparation of Mabs. This work was funded in part by the BTG.
